Converting tissue-type plasminogen activator into a zymogen.
In striking contrast to most other members of the chymotrypsin family of serine proteases, tissue-type plasminogen activator (t-PA) is not synthesized and secreted as a true zymogen. The zymogenicity, or ratio of the catalytic efficiencies of the mature, two-chain enzyme and the single-chain precursor, is only 5-10 for t-PA. This exceptional property of t-PA, however, is not shared by urokinase (u-PA), a plasminogen activator that is very closely related to t-PA. The molecular basis of this important functional distinction between these two intimately related serine proteases has not been previously investigated. Based on observation of the recently described structures of the protease domains of two-chain t-PA and u-PA, and molecular modeling of the corresponding single-chain enzymes, we propose that the presence or absence of an acidic residue at position 144 (chymotrypsin numbering system) is the primary determinant of the distinct zymogenicities of the two enzymes. Consistent with this hypothesis, mutation of histidine 144 of t-PA to an acidic residue, as in u-PA, selectively suppressed the activity of single-chain t-PA and thereby significantly enhanced the enzyme's zymogenicity. A variant of t-PA containing an aspartate residue at position 144, for example, exhibited a zymogenicity of 150, compared to a value of 9 for wild type t-PA and 250 for u-PA.